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ABSTRACT

Nowadays, PID controller have been used to regulate a process in most of
the industrial control systems. This is commonly designed by the Ziegler-
Nichols tuning method. However, this method has the disadvantage that it
depends on actual processes, so it is difficult to find optimal parameters of
the controller by manual turning. This paper is to proposes a combination
of a fuzzy controller to generate a signal to compensate for the PID
controller, so called fuzzy-PID controller. The characteristics of the Fuzzy-
PID controller are illustrated with simulation results in the control of
direction and speed of a snake robot. Simulation results were implemented
basing on MATLAB/Simulink sofiware as follows The overshoot, rise time
and setting time of the system with fuzzy-PID controller are superior to
those of the PID controller. Besides, the controller also responded to noise
interference on the systems.

TOM TAT

Hién nay, hau hét cac hé diéu khién trong cong nghiép déu sir dung b diéu
khién PID dé diéu khién qud trinh. Phwong phdp théng dung dé chinh dinh
bé diéu khién nay la giai thudt Ziegler-Nichols. Tuy nhién, phmmg phap
nay phu thudc béi doi tweong diéu khién thuee té, khé dat dege gla tri 1ot wu
ciia bé diéu khién thong qua viéc hiéu chinh thu cong. Bai bao nay dé xuat
mét gidi phép két hop b diéu khién mo dé bii cho b diéu khién PID kinh
dién, goi la Fuzzy-PID. Dac tinh cua bo diéu khién Fuzzy-PID duoc minh
hoa bang két qua mo phong diéu khzen hwéng va van toc ciia robot ran.
Két qua diéu khién diwa trén phan mém MATLAB/Simulink cho thdy: D¢
vot 16, thoi gian tang va thoi gian xdc lgp cua hé thdng v6i b diéu khién
mo lai vieot tréi hon so véi bo diéu khién PID truyén thong. Ngodi ra, bg
diéu khién con ddp iing dwoc khi cé nhiéu tac dong vao hé thong.

Trich dan: Huynh Minh Vii, Nguyén Chi Ngon va Lé Pang Khanh Linh, 2019. Thiét ké bo diéu khién mo lai
cascade ap dung cho robot ran. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(4A): 1-10.

1 GIOI THIEU

Do kha ning diéu khién hiéu qua, tinh don

thong sé ciia bo diéu khién PID, phd bién nhét 1a
phuong phédp Ziegler-Nichols (Kwok and Wang,
1992).

gian trong thiét ké va pham vi tng dung rong, nén
b diéu khién PID (proportional—integral—derivative
controller) dugc tmg dung rat phd bién trong cong
nghiép (Salami and Cain, 1995). Trong Iy thuyét
diéu khién, c6 rat nhiéu phuong phap dé hidu chinh

Tuy nhién, bo diéu khién nay c6 nhiéu han ché
nhu khong phu hop véi dbi twong ddi twong diéu
khién 13 hé phi tuyén hodc thay doi theo thoi gian,
khé xéc dinh chinh xac mé hinh toan, cic tham s6
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khong thé diéu chinh tu dong dé thich ung véi diéu
kién d thay ddi (Zhu et al., 1999). Do do, véi bo
diéu khién PID thong thudong kho co thé dat duoc
chat luong diéu khién nhu mong mudn. Trong
nhitng nim gin day, mot sé giai thuat diéu khién
thong minh da duoc dé nghi dé cai tién bo diéu khién
PID truyén théng. Cu thé 1a giai thuat diéu khién
feedforward - feedback duoc kiém chirg 1a phut hop
dé diéu khién h¢ phi tuyén (Nguyén Hoang Diing,
2011). Trong d6, bd didu khién feedback dugc thiét
ké dua trén PID va b diéu khién forward dugc thiét
ké dua trén mang no-ron lan truyén nguoc. Hon nita,
su két hop giita bo diéu khién trugt va bo didu khién
PID c6 thé diéu khién tét ddi twong phi tuyén
(Nguyén Hoang Dung, 2012). Trong do, ham truot
ctia bo diéu khién truot dugc xay dung dya trén bo
didu khién PID sao cho thoa man tiéu chuan
Hurwitz.

Trong qué trinh phat trién cac ky thuat diéu
khién thong minh, logic m¢ dugc tmg dung thanh
cong trong nhiéu linh vuc véi vai trd cua mot bd
quan sat. Co ché suy dién mo duoc xem la mot
phuong phap don gian va hiéu qua dé tinh chinh cac
bo diéu khién kinh dién (Leonid, 1997). Bo diéu
khién mo véi ngd vao 1 tin hiéu 16i va dao ham cta
tin hiéu 161, s& c6 ngd ra 1a tin hiéu dé bu trir cho tin

. |Bé diéu khién m&
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hiéu diéu khién cuia bo diéu khién PID, qué trinh nay
¢6 thé thuc hién online, khong phai dimng hé thong
dé tinh chinh cac thong s6 bd diéu khién PID. Vé
mat thuc tidn, viéc nghién ctru va thyc hién diéu
khién thanh cong robot ran s& timg dung dé tham do,
giam sat, thu thap dir liéu dugc trong moi truong
phuc tap, phuc vu cong tac tham do trong quan sy,
phuc vu cong tac chita chay, 1a co s& nén tang dé
nghién ctru cac canh tay robot da bac ty do,...

Trong nghién ciru nay s& két hop giita bo dicu
khién m& va bo diéu khién PID dé tao ra bo diéu
khién mo lai, ap dung dé diéu khién robot ran. Cu
thé 1a diéu khién van tdc va huéng cua robot ran.

2 PHUONG TIEN VA PHUONG PHAP
NGHIEN CUU

2.1 Phuwong tién nghién ctu

Bo diéu khién mo lai cascade trong nghién ctru
nady duwgc xiy dung trén phan mém
MATLAB/Simulink phién ban 2016a va cong cu
logic mo. Bo diéu khién s& dugc md phong, kiém
nghiém két qua va s& duoc trinh bay trong phan két
qua, v6i cau tric didu khién dugc trinh bay nhu Hinh
1. Nghién ctru nay s& sir dung bo diéu khién mo dé
tao ra tin hiéu Au dé bu cho tin hiéu diéu khién u
ctia bd diéu khién PID, ap dung trén robot rén.

Au

L J

Déi twong diéu khién

Hinh 1: Céu tric bd diéu khién mé lai cascade

2.2 M5 hinh héa va diéu khién robot rin

2.2.1 Mé hinh todn hoc cia robot rdn

M5 hinh robot ran gom n doan va n-1 khép voi
chiéu dai mdi doan 14 /, dugc trinh bay nhu Hinh 2.

Phuong trinh chuyén dong cua robot rén (Saito
et al., 2002), dugc trinh bay nhu Hinh 2:
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Trong do6:
0
0= 02 , Vo1 6; 1a goc hop véi phuong ngang cua
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doan thir i

n
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J 0 0 0
0 J . | L
J= . 2 , V61 J; 1a moment quan tinh
0 0 - Jy
doan thur i
(m 0 0 0
0 m . \ I
M= . :2 , vo1 m; 1a khoi lugng doan
10 0 my,
tha i
[(Cqp 0 0 0
0 Gy , .
G . i , voi C, 1a hé¢ s6 ma sat
0 0 - G,

theo phuong tiép tuyén doan thu i
Cy 0 0 0
0 Cpy

Cy= ,voi C, 1a hé so ma sat
1

0 0 - Gy,
theo phuong phap tuyén doan tht i

(x4,74)

Hinh 2: Robot rin gom n doan va n-1 khép

Tir mo hinh toan hoc cua robot rin cho ta thiy
day la doi tugng phi tuyén véi mdt ngd vao la
moment xoén u va ba ngd ra 1a van tbc v, hudng &
va goc twong d6i @ . Trong d6 goc tuong ddi @
duoc dinh nghia béi cong thire (3).

Trong nghién ctru nay xét robot rén c6 6 doan va
5 khép, v6i gia thuyét 1a robot ran chi di chuyén
trong khong gian hai chidu va mdi doan c6 khéi
lwong nhu nhau. Pay 1a dbi twong c6 tinh phi tuyén
cao (Saito et al., 2002), twong d6i kho diéu khién.
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2.2.2 Diéu khién robot rdn

a. BDPuong cong serpenoid

Xét mot duong cong trén mit phang OXY di qua
goc toa d0. No duoc goi la dudng cong Serpenoid

néu mot diém tiy ¥ (x, y) trén duong cong co thé
biéu thi bang (2) (Saito et al., 2002):

S
x(s)=[cos(Cp)do (2)
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N
y($)=]sin(¢q)do
0

So=acos(bo)+co

Véia, b, clacac héng s6 xac dinh hinh dang cia
duong cong Serpenoid nhu Hinh 3 (Saito et al.,
2002) va s 1a chiéu tir goc toa do dén diem xét.

0
a=m/3 (blue), n/2 (red), 2/3 (black) b= 2x (blue), 6x (red), 10z (black) ¢=0 (blue), n/2 (red), x (black)
0.3
02 b=2n 015 0.3 a=mn2
o c=0 01 0.25 b=10n
' 0.05 02
0 0 0.15
01 -0.05 0.1
e -0.1 0.05 ﬂ n
-0.15 0
-0.3 J
0 0.2 0.4 06 0 0.2 04 0 0.2 0.4

Hinh 3: Pwong cong Serpenoid

Chuyén dong trudn ciia mot con ran c6 thé gia
1ap bai robot ran bang cach thay doi goc twong doi
cua robot ran theo (3) (Saito et al., 2002):

¢ (O=asin(wt+(i-D)S)+y (3)

Trong d6 a, f va y la cac tham sé xac dinh hinh
dang cua dudng cong Serpenoid thu dugc boi robot
rin va o xéac dinh vén tdc cua robot ran.

b.  So do diéu khién robot rin

it + o
Cu - "‘-j
-k
I_*
¥ s
T  C. f—0O%—
» A
£
¢
+ _ g L
I:ﬁ - Robot rin

Hinh 4: So' d6 didu khién robot rin

Tir so dd d‘iéu khién robot rin Hinh 4 (Saito et
al., 2002), ta can xay dung hai vong diéu khién:

— B0 di€u khién vong ngoai: C, va Cg di€u

khién van toc va hudng cta robot ran, dong thoi tao

ra tin hiéu goc twong ddi ¢* qua phép bién dbi T

(cong thire (3)) dé dat duoc van tdc va huéng mong
muén v* s §* ;
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— Bo diéu khién vong trong: Cy tao ra moment
xoin u sao cho chuyén dong that ¢ bam theo tin

hidu dit ¢ .
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diéu khién mo lai thr hai s& diéu khién vén tdc cua
robot ran.

Trong md phong xét robot rén ¢ théng sé nhu
sau:

Nghién ciru ndy xdy dyng hai by diéu khién n=6;  my=03kg; [i=lm; C;=0.1; Cp =10;
huéng va van téc cho robot ran. By diéu khlen mo p z
lai thtr nhit s& diéu khién hudng ctia robot ran, bd 0’:55 ﬂz?
- Si »
2 C in1 Out1 » Ga .
pi3 u ma S
Huong BOK Mé lai thir 1 Phi » -
1 R In2 Out2 P Omega " N
Vantoc BOK Mo lai thir 2
v; Phi

Hinh 5 : Mo hinh diéu khién robot rin trén MATLAB/Simulink

2.3 Bo diéu khién PID kinh dién

Ham truyén ciia bo diéu khién PID Iy tuong duoc
xac dinh boi (4) (Ogata, 2009; Johnson and Moradi,
2005):

1
GpIp(s)= Kp(1+ H1as) (4)
Hoac

! d
u(t)zer(t)+Ki(j;e(t)dt+Kd Ee(t) %)

Trong d6, Kp 1a hé sb ti 1&; Ti va Ta 1a cac thoi
hang tich phan va vi phan trong tmg. Cac hé sb tich
phan Ki va vi phan Kd ciia bd diu khién dwoc xac
dinh bi (6):

K
K=" Kg=K Ty (6)

Tir (4) va (6), ta biéu dién (4) tuong tng v&i (7):
Gpip(s)=Kp +ﬁ+de @)
s

Nhiém vu dit ra cho viéc thiét ké bo diéu khién
PID 1a lua chon b ba gia tri {Kp, K; Kd} dé théa man
cac yéu cau vé chét luong diéu khién.

2.4 Thiét ké by mo cho h¢ mo lai cascade

Bo didu khién mo duge xay dung nhu cAu tric
Hinh 1, nham muc tiéu dua ra gia tri Au dé bu cho
tin hiéu diéu khién u cua b diéu khién PID, dua vao
sai s6 va dao ham cua sai sb theo thoi gian trén bd
diéu khién PID.

Nhu vy bo diéu khién mo s& c¢6 2 ngd vao va 1
ngo ra, dugc trinh bay nhu Hinh 7.

FuzzyPID
(marndani}

49 rules

Output (7)

I

de (7)

Hinh 6: Cau tric b diéu khién mo
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1 NB NS P 1 NB NS PS PM PB
0.8 0.8
=06 5% 0.6
5
=04 =04
0.2 0.2
0 - 0
e_min 0 e_max de_min 0 de_max
e de
a) b)
1 MNB  NM M5 P35 PM  PB]
0.8
E 0.6
=04
0.2
0
Out_min 0 Out_max
Dutput
©)

Hinh 7: Ham lién thugc ngd vao va ngé ra cua bf dieu khien mo

Trong céu trac Hinh 7, ngd vao thi nhét cia bo
diéu khién mo 1a e, dugc md hoa boi 7 tap mo {NB,
NM, NS, ZE, PS, PM, PB} va ngd vao thir hai la de,
duoc mo hoa baoi 7 tap mo {NB, NM, NS, ZE, PS,
PM, PB} (Hinh 7a va 7b). Trong d6, NB la Negative
Big, NM la Negative Medium, NS 1a Negative
Small, ZE 1a Zero, PS 1a Positive Small, PM la
Positive Medium, PB 1a Positive Big. Ham lién
thudc cua céc tap mo ngd vao duoc st dung la ham
Gauss, xac dinh bdi (8):

2
~ (¢ci=x)
A (x)=expy — 75—+ (8)
2b!
1
vOi ¢ va b; 1a tam va do rong cia ham Gauss.
Mién xac dinh ctia cac bién ngd vao cta bd dieu
khién mo, dugc xac dinh bang thyc nghiém va tay
vao doi tugng cu thé. Trong nghién ciru nay, c6 hai
bd dicu khién mo vai cac bién ngd vao duge xac
dinh nhu sau:
B diéu khién mo thir nhat:

[ 7 2] =
A7 2Ty

Bo diéu khién mo thi hai:
ezz[—3 3],d€2=[—2 2]
Ngd ra cta bd diéu khién mo 1a Au, duge mo

hoa boi 7 thp mo {NB, NM, NS, ZE, PS, PM,
PB}(Hinh 7c). Trong do, NB la Negative Big, NM

la Negative Medium, NS 1a Negative Small, ZE 1a
Zero, PS 1a Positive Small, PM 1a Positive Medium,
PB 1a Positive Small. Ham lién thudc cia cac tap mo
ngo ra dugc st dung 14 ham tam giac, xac dinh bdi

9):

(=]

i
N}

sl (x)= )

1T
o Q

S
o

0
véi a, b, ¢ 1a hoanh d¢ dinh cua tap mo tam giac.

Mién xac dinh cua bién ngd ra cua b diéu khién
mo, dugc xac dinh bang thuc nghiém. Trong nghién
clru nay, bién ngd ra dugc xac dinh nhu sau:

B6 diéu khién mo tht nhét:

B6 diéu khién mo thi hai:

Aup :[—1.5 3]

Co ché suy dién mo dwoc chon 1a MAX-MIN va
viéc giai mo dugce thuc hién theo nguyén ly trung

binh cua phuong phéap cuc dai, dugc xac dinh bédi

(10):
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R v6i b;va u;1an luot 1a hoanh d¢ diém trung binh
= bipi va gia tri cua ham lién thudc ngd ra xac dinh boi luat
Au=t=— (10) thtr i trong R luat tac dong tai thoi diém xem xét.
2 M

Duya vio dfic tinh co ban cia b diéu khién PID,
cac luat bd dicu khién mo duoc thict 1ap thong qua
thyc nghiém, dugc trinh bay ¢ Bang 1.

i=1

Bang 1 : Luit diéu khién

A de

! NB NM NS ZE PS PM PB

NB NB NB NM NB NS NM NB

NM NB NB NS NM NS NM NB

NS NB NM NS NS NS NM NM

e ZE NM NS NS ZE PS PS PM

PS PM PS PS PS PS PM PB

PM PM PS PS PM PM PB PB

PB PB PM PM PB PB PB PB
3 KET QUA VA THAO LUAN Qua két qua mé phong Hinh 8 di cho thay dwoc
) X . hiéu qua ctia bo cta b diéu khién mo lai so voi bo
Keét qua mo phong khi chiéu dai 1 =1 m, v =l diéu khién PID kinh dién thong qua céc chi tiéu chét

lwong nhu d6 vot 16, thoi gian ting, thoi gian xé4c 1ap

m/s va 5*—7[ rad
3 va dugc théng ké cu thé trong Bang 2.

= ——, —r————, —

k=)

= Huong ref |
o —PID i
5 —F-PID

5 4
I

1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Thei gian (s)

o)
£
‘,8 0.8 Van toc ref| |
c 06 —PID 7
& ——F-PID
> 04l

0.2 n

0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Thoi gian (s)
Hinh 8: Pap tng hé théng khil=1m, v'=1m/sva §*=§ rad

Bang 2: So sanh céc chi tiéu chit lwgng diéu khién

Y en Huwdéng Vén toc
Chi tidu PID F-PID PID F-PID
Do vot 16 (%) 18% 10% 37% 14%
Thoi gian tang (s) 1.8s 1.4s 0.2s 0.1s
Thoi gian xac 1ap (s) 8s Ss 9s Ss

hudng: Do vot 16 ctia diéu khién mo lai 1a 10%, thoi
gian tang la 1.4 gidy va thoi gian xac 1ap 1a 5 gidy;
khi diéu khién van tdc do vot 16 1a 14%, thoi gian

Khao sat dap ung didu khiép robot rin cho thay
hi{eu quéw diéu khién cta bd diéu mo lai S0 voi b(f)
dieu khién PID (Bang 2) trong d6, khi diéu khién
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tang 1a 0.1 gidy va thoi gian xac 1dp 1a 5 gidy. Cac
chi tiéu chét lugng nhu d6 vot 16, thoi gian ting, thoi
gian xac lap cia bo didu khién mo lai thi tot hon kha
nhiéu so v6i b diéu khién PID kinh dién.
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Két qua mé phong khi chiéu dai 1 = 1 m,v' =1

m/s va 5*:% rad

12 T T T T T T T T T
1k 4
E 0.8 A —— == =
D06 Huong_ref |+
k= 0.4 —FID
S04 JE— 7
T F_PID
0.2 7
0 1 1 1 1 1 1 1 1 1

o 0.8 Van tocref |
= 0.6 ——FPFID d
¢ —F-PID
] 0.4 I N

021 7

D 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Thoi gian (s)

Hinh 9: P4p tng hé théng khil=1m, v’ =1 m/s va g*=§ rad

Nham khéng dinh hi¢u qué ctia bd mo lai bai bdo
da Qé xuat so sdnh chat hr(yng (?Iiéu khién cua bd di@u
khién mo lai véi bo dicu khién RBF-PID (Nguyén
Kim Suyén, 2016) c6 dap trng nhu Hinh 10.

Qua dép tng cua hai bo diéu khién mo lai va bo

diéu khién mo lai vuot tréi hon vé chét lugng diéu
khién véi cac thong so nhu do vot 10, thoi gian tang,
thoi gian xac lap,...

Két qua mé phong khi chiéu dai [ =0.8 m, Vel

s A <R v~ /. A A *
diéu khién RBF-PID thi rd rang chiing ta thay bd m/s va & =§ rad
1.4 - T T T T T T T datal
13 RBFl,
E osl /\/\ e B e —
2 =
S 06| ﬁ
0.4 -
0.2 H ,
DU ; 1IEI |I5 2:] 2'5 3'0 3'5 4ID 4'5 S0
THOI GIAN (s)
25 - T T T . r T T3
data?
s
2| /\ /\ ]
=
5y El i, N . N i |
o e e o
z \/J P
= 0.5 1
o -
. ; i . ; . ; . . .

20

25

30 35 50

THOI GIAN (s)

Hinh 10: Pap ing ciia by diéu khién RBF-PID



Tap chi Khoa hoc Truong Pai hoc Can Tho

Tap 55, 86 44 (2019): 1-10

T T T T T T T T T
1.2 B
= 1F e ]
4]
=n8l — Huong ref [ -
(=]
c —FID
B 0.6 -
2 ——F-PID
T 04 .
0.z B
0 1 | | | 1 | 1 | 1
o 5 10 15 20 25 30 35 40 45 50
Théi gian (s)
15 T T T T T T T T T
1.4 .
2
1
B
0 i L i 1 i L i 1 L
0 5 10 15 20 25 30 36 40 45 50
Théi gian (s)

Hinh 11: P4p tmg hé théng khil=0.8 m, v'=1m/s va g*=ﬁ rad

Dé kiém tra kha ning dap tng cua bo didu khién
khi ¢6 nhiéu tic dong, trong bai bao nay tac gia di
gia sir hé thong dudi tic dong ctia nhidu trén tin higu
hoi tiép (bién do tir 0.001 dén 0.01), dap tng ciia ngd
ra khi ¢6 nhidu tic dong (Hinh 12) ctia véan tdc c¢6 do
vot 16 1a 37%, thoi gian tang 14 0.17 gidy, thoi gian
xac lap 1a 5 gidy; mac du do vot 16 twong ddi cao

Két qua mé phong khi c6 tac dong ciia nhiéu

nhung thu¢c trong pham vi cho phep, cac thong s6
chit lugng con lai tuong dbi tot so voi bo didu khién
PID kinh dién. Pong thoi két qua mé phong danh
gia dwoc tinh bén vimg ciia bd diéu khién khi thay
d6i thong s6 chidu dai va huéng di cua robot rin,
nhung bé diéu khién van c6 két qua dap tng trong
mtrc cho phép.
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Hinh 12: Pap g hé thong duéi tic dong ciia nhiéu
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Bai bao nay trinh bay mét phuong phap dung bo
diéu khién mo dé néng cao chat lugng ciia bo dicu
khién PID kinh dién. Uu diém cuia phuong phép nay
1a thiét ké don gian ma khong can quan tam dén céu
trac bén trong cta déi tugng diéu khién. Tir cac két
qua md phong cho thay bo diéu khién mo lai di cai
thién duoc mot s chi tiéu cht lugng so vdi b diéu
khién PID kinh dién; dap tng cta hé thdng co thoi
gian tang va thoi gian xac 1ap phu hop, d6 vot 16 va
sai s6 xac 1ap khong dang ké. Ngoai ra bo didu khién
con c6 dap tng tot khi thong sé ddi twong thay doi,
cling nhu sy on dinh dudi sy tac dong ciia nhidu vao
hé théng. Diéu nay cho thiy phuong phap diéu khién
mo lai ¢6 thé ap dung t6t cho viée didu khién robot ran.
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